Suppression of the functionally coupled cyclooxygenase-2/prostaglandin E synthase as a basis of simvastatin-dependent plaque stabilization in humans.
The clinical benefits of statins are attributed to changes in plaque composition that lead to reduced metalloproteinase (MMP) activity and plaque stabilization. However, the molecular mechanism of this effect is unclear. Recently, we demonstrated enhanced expression of isoforms of inducible cyclooxygenase (COX) and PGE synthase (COX-2/mPGES) in human symptomatic plaque and provided evidence that this is associated with MMP-induced plaque rupture. The aim of this study was to characterize the effect of simvastatin on inflammatory infiltration and the expression of COX-2/mPGES and MMPs in human carotid plaques. Seventy patients with symptomatic carotid artery stenosis were randomized to the American Heart Association Step 1 diet plus simvastatin (40 mg/d) or the American Heart Association Step 1 diet alone for 4 months before endarterectomy. Plaques were subjected to analysis of COX-1, COX-2, mPGES, MMP-2 and MMP-9, lipid and oxidized LDL (oxLDL) content, and collagen content by immunocytochemistry, Western blot, and reverse transcription-polymerase chain reaction, whereas zymography was used to detect MMP activity. Immunocytochemistry was also used to identify CD68+ macrophages, CD3+ T-lymphocytes, smooth muscle cells (SMCs), and HLA-DR+ inflammatory cells. Plaques from the simvastatin group had fewer (P<0.0001) macrophages, T-lymphocytes, and HLA-DR+ cells; less (P<0.0001) immunoreactivity for COX-2/mPGES and MMPs; reduced (P<0.0001) gelatinolytic activity; increased (P<0.0001) collagen content; and reduced (P<0.0001) lipid and oxLDL content. Interestingly, COX-2/mPGES inhibition by simvastatin was completely reversed by mevalonate in vitro. This study demonstrates that simvastatin decreases inflammation and inhibits COX-2/mPGES expression in plaque macrophages, and this effect in turn may contribute to plaque stabilization by inhibition of MMP-induced plaque rupture.